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(54) DRIVE CIRCUIT FOR INVERTER FOR MOTOR DRIVE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To increase a speed of ON/OFF 
operation by a power switching element and stabilize the operation 
during OFF, by providing a parallel circuit comprising a capacitor and 
a resistor for connecting an output of a switching element to a high 
potential end of a DC power for the power switching element. 
SOLUTION: Each collector of transistors 15 to 17 is connected to a 
high potential end of +36 V similar to the source of FET at high side 
through resistors 18 and 19, resistors 20 and 21, and resistors 22 and 
23 connected in series. Capacitors 24, 25 and 26, are connected in 
parallel to resistors 19, 21 and 23, and its capacitance is 0.01 |xm for 
5.6 kQ resistors 19, 21, and 23. Each base of transistors 15 to 17 is 
connected to +12 V DC power, and its potential is always kept to +12 
V. Each gate of FET at high side is connected respectively to the 
connecting point between resistors 18 and 19, between resistors 20 
and 21, and between resistors 22 and 23 corresponding to each 
phase. 
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1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the drive circuit of the inverter for motorised 

which carries out inverter control of the rotation of a motor. 

[0002] 

[Description of the Prior Art] What is indicated by JP,6-225583,A is known as a drive circuit of 
the inverter for motorised. Power amplification of the ON/OFF signal of the low-power output 
outputted from the according [ when the drive circuit of FETl used as a power switching element 
of an inverter as shown in this official report at drawing 3 is shown and FETl impresses the 
voltage signal of HIGH level to the gate to the potential level of the source, will be in an 
energization condition, and / using a photo coupler 2 as a switching element of FETl ] to 
microcomputer etc. signal generation section is carried out to the level which can drive FETl. 
Usually the inverter which drives a motor equipped with 3 sets of stator windings connects such 
FET in the shape of a three-phase-circuit bridge a three-piece and low side side a high side side, 
and three pieces are constituted, it supplies direct current power to a stator winding intermittently 
by the switching operation of FET, and drives a motor. In addition, generally constituting an 
inverter using the power transistor of a bipolar mold is also performed instead of FET that what 
is necessary is just to connect FET in the shape of a polyphase bridge also in the polyphase more 
than a three phase circuit. 
[0003] 

[Problem(s) to be Solved by the Invention] In such an inverter for motorised, in order to prevent 
the short circuit by the coincidence ON of FET linked to the serial which constitutes an inphase, 
the output signal of the signal generation section needs to output the ON/OFF signal which 
surely disagrees with FET of an inphase. Although this signal must be a signal which ON/OFF 
reversed mutually, some which generated the signal to FET of an inphase using the same 
ON/OFF signal have many examples in order to attain simplification of circuitry to coincidence. 
[0004] However, when the signal of ON/OFF to FET is generated from the same ON/OFF signal 
in this way, if ON/OFF of the signal by the side of the high side of an inverter or a low side is not 
reversed in a drive circuit, the short circuit of FET of an inphase will take place. Generally, in 
order to design on the basis of ON/OFF of FET by the side of a low side, the drive circuit which 
served as reversal of ON/OFF needed to be established in the high side side. 
[0005] These people developed the drive circuit of the inverter for motorised shown in drawing 4 
in the phase of researches and developments aiming at simplification of such circuitry. The 
MOSFET by the side of the high side to which direct ON/OFF of the current supphed to the 
stator windings U, V, and W which this becomes from the three phase circuit of U, V, and W is 
carried out by ON/OFF between the drain-sources, ON/OFF is carried out by the ON/OFF signal 
(electrical potential difference of LOW/HIGH) from the signal generation section impressed to 
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an emitter. The transistor Tr which connected the collector to the serial through resistance Rl 
and R2 at the potential (+36V) and same electric potential of the source by the side of [ FET ] a 
high side, and connected the base to the potential of + 12V, The drive circuit equipped with the 
connection which connects the gate by the side of [ FET ] a high side at the node of resistance Rl 
and resistance R2, The current similarly supplied to stator windings U, V, and W consists of 
ON/OFF between the drain-sources, using the circuit for a plane 1 which consists of a MOSFET 
by the side of the low side which carries out direct ON/OFF by the three phase circuit. 
[0006] The ON/OFF signal with which from the mode 1 as shown in drawing 5 to the mode 6 is 
repeated in order using this drive circuit (FET turns on a high side side on a LOW electrical 
potential difference, and FET tums on a low side side on a HIGH electrical potential difference.) 
If it transposes to an electrical potential difference, the voltage signal of the same HIGH/LOW 
will be outputted to a high side and low side side. Six FET (it corresponds to each phase of U, V, 
and W, and they are FETul, FETvl, and FETwl about a FETuh, FETvh, FETwh, and low side 
side in a high side side) which constitutes an inverter was driven. In addition, chopping is carried 
out the period T which consists of a period of Ton which outputs a HIGH electrical potential 
difference (ON signal) for the period when ON signal by the side of [ FET ] a low side is 
outputted, and a period of Toff which outputs a LOW electrical potential difference (OFF 
signal), and it constitutes so that the duty ratio of this Ton/Toff may be changed and the 
rotational speed of a motor may be changed. Moreover, in order to make Rds (ON) resistance of 
FET small, the value of resistance Rl and R2 was selected so that Vgs might approach the 
maximum rating electrical potential difference of Vgss of FET. 

[0007] In this trial, in order to change the rotational speed of a motor, when the duty ratio was 
changed, the flattery nature of the fly wheel diode 3 formed between the drain-sources by the 
side of [ FET ] a high side was late, and the allophone from abnormality heating and the motor of 
Transistor Tr occurred. Moreover, in spite of having given the OFF signal to the high side side 
FET, problems, like the abnormality phenomenon in which these will be in ON condition 
happens arose. 

[0008] This invention aims at attaining improvement in the speed of ON/OFF actuation of a 
power switching element, and stabilization of the actuation at the time of OFF, without being 
influenced by the switching characteristic of a fly wheel diode 3 for the purpose of solving these 
problems. 
[0009] 

[Means for Solving the Problem] In order that this invention may solve this technical problem, it 
connects two or more power switching elements in the shape of a bridge, constitutes an inverter, 
and is ON/OFF actuation of these power switching elements. In the drive circuit of the inverter 
for motorised which supplies direct current power to the stator winding of a motor intermittently 
The signal generation section which generates the signal which operates two or more above- 
mentioned power switching elements based on the rotation location of the rotator of a motor. The 
switching element which supplies the output which operates these directly to the power 
switching element which answered the signal generated in this signal generation section, and 
operated, and connected with the high potential edge of direct current power among two or more 
above-mentioned power switching elements. It is characterized by having the parallel circuit 
which consists of resistance which connects the output of this switching element to the high 
potential edge of direct current power, and a capacitor. 

[0010] Moreover, the above-mentioned signal generation section is constituted so that it may 
operate with potential lower than the potential of the high potential edge of direct current power, 



2 



and use of the switching element of a low-power output mold is aimed at. A drawing is used for 

below and the configuration of this invention is explained to it at a detail. 

[0011] 

[Embodiment of the Invention] Drawing 1 is the electrical diagram showing the gestalt of 
concrete implementation of this invention, and is applied to the direct-current brushless motor 6 
which consists of a rotator 5 of four poles, and stator windings U, V, and W of a three phase 
circuit. Therefore, the pole of a rotator is selectable to arbitration at the multiple of 2, the number 
of the gear teeth which coil stator windings U, V, and W is also selectable to arbitration at the 
multiple of 3, and it is also possible to polyphase-ize a three phase circuit further, 
[0012] 7 is the inverter which connected six power switching elements (MOSFET) in the shape 
of a three-phase-circuit bridge, FETwh of P channels, and vh and uh are arranged to a high side 
side, FETwl of N channel, and vl and ul are arranged to a low side side, and the fly wheel diode 
is formed between the drain-sources at each FET. The source by the side of [ FET ] a high side is 
connected to the high potential edge of the direct current power of +36 V, and the soxirce by the 
side of [ FET ] a low side is connected to touch-down potential through resistance 4. Toshiba 
MP6403 can be used as a semi-conductor for inverters with the equal circuit of such a 
configuration. In addition, the Toshiba semi-conductor MP6401 grade for inverters with the 
equal circuit which cannot restrict a power switching element to FET, and could also use the 
power transistor of a bipolar mold, for example, connected six power transistors (P chaimel three 
pieces, three N channels) in the shape of a three-phase-circuit bridge may be used. 
[0013] 8 is the signal generation section which generates an ON/OFF signal in the cycle in the 
mode 1 to the mode 6 shown in drawing 5 , it asks for the location of a rotator 5 from change of 
the induced voltage produced in stator windings U, V, and W in rotation of a rotator 5, outputs 
the ON/OFF signal to which the energization to each stator winding U, V, and W is made to 
carry out intermittently based on this rotator location, changes the duty ratio of the chopping 
period T into coincidence, and controls a rotational frequency. As this signal generation section 
8, it is Micro, for example. The semi-conductor ML4433 (or ML4425) made from Linear (BLDC 
PWM Motor Controller) etc. can be used. The intemal configuration of this signal generation 
section 8 is constituted as shown in the block diagram of drawing 2 . The "BACKEMF 
SAMPLER" section which detects change of the induced voltage produced in the stator windings 
U, V, and W given to a No. 14-16 pin, and outputs the signal corresponding to the change. The 
"PWM SPEED CONTROL" section which carries out chopping by PWM (pulse width 
modulation), and determines the energization pattem to stator windings U, V, and W based on 
this signal and the speed (engine speed) signal given to a No. 5 pin, ON/OFF of six power 
switching elements which constitute an inverter based on this energization pattem is decided. It 
has "COMMUTATION & CONTROL LOGIC" etc. which outputs the signal to "HIGH SIDE 
GATE DRIVE" and "LOW SIDE GATE DRIVE." An ON/OFF signal (potential of HIGH/LOW 
or potential of LOW/HIGH) is outputted through a 7 - No. 9 pin and a 1 1 - No. 13 pin from 
"HIGH SIDE GATE DRIVE" and "LOW SIDE GATEDRIVE." 

[0014] 9 is the detector of the electrical potential difference impressed to the No. 1 pin of the 
signal generation section 8, it consists of resistance and a capacitor and the electrical potential 
difference (electrical potential difference equivalent to the cvirrent which flows to resistance 4, 
i.e., the current which flows on a motor 6) produced in resistance 4 is impressed. The signal 
generation section 8 adds a limit to the ratio (duty ratio) of ON/OFF of a switching element so 
that this electrical potential difference may not exceed the set point, and it performs current 
control of the current which flows on a motor 6. 10 is a circuit which operates the signal 
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generation section 8, consists of an electrolytic capacitor and a capacitor and is stabilizing the 
direct current voltage of +12V. 11 is the circuit connected to a No. 17 or 18 pin, consists of an 
electrolytic capacitor, two capacitors, and two resistance, and sets up the climbing speed of the 
frequency and rotational frequency of VCO. 12 is the circuit connected to a No. 3 or 4 pin, 
consists of an electrolytic capacitor, two capacitors, and resistance, and sets up the halt level and 
the hand of cut of a motor 6. It connects with a No. 5 or 6 pin in the circuit constituted from 
variable resistance, and 13 sets up the target rotational frequency of a motor 6. [0015] 14 is the 
circuit connected to No. 7-9 and a No. 11-16 pin, and the resistance for an interface with the 
signal generation section 8 is connected corresponding to each terminal. It connects with U of an 
inverter 7, V, and W output, and a No. 14-16 pin detects the induced voltage produced in stator 
windings U, V, and W while connecting with each phase of the stator windings U, V, and W of a 
motor 6 through resistance, respectively. It connects with each gate by the side of [ FET ] a low 
side through each resistance, and a No. 11-13 pin is the ON/OFF signal (HIGH/LOW electrical 
potential difference) outputted by "LOW SIDE GATE DRIVE" from a 1 1 - No. 13 pin, and 
controls ON/OFF by the side of [ FET ] a low side. 

[0016] 15, 16, and 17 are the transistors which are the switching elements by the side of [ FET ] 
a high side, each emitter is connected to a No. 7-9 pin through each resistance, it is the ON/OFF 
signal (LOW/HIGH electrical potential difference) outputted by "HIGH SIDE GATE DRIVE" 
from a 7 - No. 9 pin, and ON/OFF of transistors 15-17 is controlled. Each collector of transistors 
15-17 is connected to the high potential edge of the direct current power of +36V through the 
resistance 18, resistance 19 and resistance 20, the resistance 21 and resistance 22, and resistance 
23 which were connected to the serial as well as the source by the side of [ FET ] a high side. 24, 
25, and 26 are the capacitors connected to resistance 19, 21, and 23 and juxtaposition, and the 
capacity is 0.01 micro F to the resistance 19, 21, and 23 of 5.6kohm. Each base of transistors 15- 
17 is connected to the direct current power of +12V, and the potential is kept at regular -M2V. 
Each gate by the side of [ FET ] a high side is connected at the node of the resistance 18 
according to each phase, resistance 19 and resistance 20, resistance 21 and resistance 22, and 
resistance 23. 

[0017] in this drive circuit, if the No. 9 pin of the signal generation section 8 outputs ON signal 
(LOW level electrical potential difference), a transistor 17 will serve as ON, and the partial 
pressure electrical potential difference (electrical potential difference of the part which pressures 
36-12=24V partially by resistance 22 and resistance 23, and is equivalent to resistance 23) by 
resistance 23 is impressed by the gate of FETuh of an inverter 7 — having — FETuh ~ ON — ** - 
- it becomes. If the output of a No. 9 pin is turned off (HIGH level electrical potential 
difference), a transistor 17 will serve as OFF, the partial pressure electrical potential difference 
by resistance 23 will be set to OV, and FETuh will be tumed off ON/OFF is similarly controlled 
for the high side sides FETvh and FETwh else by the output signal of the No. 7 or 8 pin of the 
signal generation section 8. 

[0018] Only the current by change of the induced voltage which has produced the flow of a 
current in case both the high side side FETuh and low side sides FETul are OFF by rotation of a 
rotator 5 by a stator winding U being in a release condition (condition that the electrical potential 
difference is not impressed) if FETul is first tumed off following FETuh (mode 6 of drawing 5 ) 
flows. The current by this induced voltage mainly flows from a stator winding U at the high 
potential edge of the forward direction of the fly wheel diode of FETuh, and the direct current 
power of +36V, and from between the drain-gate of FETuh, a part flows to the capacitor 26 by 
which it charges to hard flow and potential is low, and is accimiulated in this capacitor 26. Thus, 
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the current by the induced voltage produced in the stator winding U is accumulated in a capacitor 
26 through between the drain-gate of FETuh between the delay of the fly wheel diode of FETuh 
of operation. In addition, since the OFF resistance between the drain-sources of FETul is strong, 
between the drain-sources of FETul, the current by induced voltage does not flow substantially. 
[0019] Next, although a transistor 17 is first turned on when ON signal is given to FETuh for 
both such FETuh and FETul fi-om the condition of OFF (mode 1 of drawing 5 ) At this time, 
since the potential with which the electrical potential difference of a capacitor 24 was applied to 
the electrical potential difference of the direct current power of -i-36v is impressed, the switching 
rate of a transistor 17 becomes quick at this rate, therefore, as for the potential of the collector of 
a transistor 17, ON rate of FETuh is also accelerated. After a transistor 17 tiims on, a capacitor 
26 is charged to hard flow to induced voltage with the direct current voltage which is +36V. 
Since charge of this capacitor 26 carries out the reverse bias of between the source-gate of 
FETuh, it has prevented that FETuh malfunctions in a noise in spite of an OFF signal between 
the modes 3-5 of drawing 5 . 

[0020] Actuation the same [ the above actuation is the same as that of the high side sides FETvh 
and FETwh else, and ] as when a bipolar mold power transistor is used for an inverter instead of 
FET is obtained. 
[0021] 

[Effect of the Invention] As mentioned above, it can realize stabilization at the time of OFF to 
coincidence while this invention uses a discharge-and-charge operation of this capacitor by 
preparing the parallel circuit which consists of resistance and a capacitor between the input edge 
of the ON/OFF signal of the power switching element by the side of the high side of the inverter 
for motorised, and the high potential edge of the direct current power of this power switching 
element, removes the effect by the lateness of the flattery nature of a fly wheel diode and attains 
improvement in the speed of ON/OFF actuation of a power switching element. 
[0022] Moreover, it constitutes so that the signal generation section may be operated with 
potential lower than the potential of the high potential edge of direct current power, and the 
switching element of a low-power output mold is made available. 



CLAIMS 



[Claim(s)] 

[Claim 1] Two or more power switching elements are coimected in the shape of a bridge, and an 
inverter is constituted. In ON/OFF actuation of these power switching elements In the drive 
circuit of the inverter for motorised which supplies direct current power to the stator winding of a 
motor intermittently The signal generation section which generates the signal which operates two 
or more above-mentioned power switching elements based on the rotation location of the rotator 
of a motor. The switching element which supplies the output which operates these directly to the 
power switching element which answered the signal generated in this signal generation section, 
and operated, and connected with the high potential edge of direct current power among two or 
more above-mentioned power switching elements. The drive circuit of the inverter for motorised 
characterized by having the parallel circuit which consists of resistance which connects the 
output of this switching element to the high potential edge of direct current power, and a 
capacitor. 
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[Claim 2] The above-mentioned signal generation section is the drive circuit of the inverter for 
motorised according to claim 1 which operates with potential lower than the potential of the high 
potential edge of direct current power. 
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